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A. Cyclization of ethylene oxide in the presence of transi-
tion metal salts was studied. Several reactions with differ-
ent catalysts were tried and some of these reactions produced
compounds which show only one sharp singlet in their NMR
spectra. These products were also soluble in benzene. The
solubility of potassium permanganate in this mixture suggests
the presence of cyclic polyethers. In spite of the above
observations, all attempts to liberate cyclic ethers from
their metal complexes were unsuccessful.
B. In the second project, the stereochemistry of 1,4-di-
tertiarybuty1-1,4-dihydronaphthalene was elucidated using
-LH and 13C NMR. For this purpose, other naphthalene and
anthracene systems were used as model compounds. For cases
in which no model systems were available, the angular depen-
dence of coupling constants was used to estimate the coup-
ling constants. The LAOCOON III computer program was
implemented to produce the observed spectrum. It was






In 1967,C. J. Pedersenia of the Dupont Company, while
preparing bis[2-(o-hydroxyphenoxy)ethyl] ether by the reaction
of bis(2-chloroethyl) ether with the sodium salt of 2-(o-
hydroxyphenoxy)tetrahydropyran contaminated with some
catechol(3,4 dihydroxybenzoic acid), obtained a very small
amount of a white, fibrous, crystalline compound as a by-
product. It was found to be 2,3,11,12,dibenzo-1,4,7,10,13,16,
hexaoxacyclooctadeca-2,11-diene(I), a cyclic polyether which
is capable of forming stable complexes with many salts of the
alkali and alkaline earth metals.
0
Prior to the discovery by Pedersen, the literature disclosed
several references to cyclic polyethers containing four or
more oxygen atoms in the polyether rings. But in none of
the references is mention made of the formation of stable
complexes of the subject compounds with salts of the alkali
and alkaline earth elements. Pedersen is the first to
1
2
demonstrate the unusual complexing power of (I).
2. Nomenclature:
Since many of the names of these compounds according to
the IUPAC system are too cumbersome for use, the trivial
nomenclature was introduced by Pedersen, whereby each name
consists of, in order, (1) the number and kind of hydrocarbon
rings, (2) the total number of atoms in the polyether ring,
(3) the designation, "Crown" and ()4) the number of oxygen
atoms in the polyether ring.
3. Synthesis:
Since the pioneering work of Pedersen on the preparation
and properties of macrocyclic polyethers
1,2,3 
there have been
numerous reports of syntheses of a wide variety of oxygen-
sulfur- and nitrogen-containing crowns.
In 1957, D. G. Stewart and his co-workers prepared the
cyclic tetramer of ethylene oxide (12-crown-4) in low yield
by polymerization of ethylene oxide with triethyl aluminum
as a catalyst.5
In 1967, higher oligomers were prepared by Pedersen
la
in a two step reaction from a glycol component and a corre-
sponding dichloride component in polyether solvents. In this
reaction, 2% of 18-crown-6 is obtained.
In 1971, Dale and Kristiansen c in a modified William-
son ether synthesis, prepared cyclic ether (eq.1) from an
equimolar mixture of a diol component (II) and the ditosylate
of the same or another diol component (III) in benzene, in
















By this method, they obtained 15-crown-5 (20%), 18-crown-6
(33%), 21-crown-7 (26%) and 24-crown-8 (15%). They attempted
to synthesize 12-crown-4 by this method but instead isolated
2 -crown-8.0 In this synthesis, salt-free cyclic ethers
have been obtained by eluting from an alumina column with
benzene-chloroform in a 2:1 ratio.
4a
Later in 1972, R. N. Green prepared 18-crown-6,
21-crown-7 and 24-crown-8 by using the Williamson ether
synthesis. He actually utilized the same method as Dale and
Kristian except that the solvent was changed from benzene to
dimethyl sulfoxide, tetrahydrofuran or dimethoxyethane. Pure
18-crown-6 was obtained by eluting with THF through acid-
washed alumina and afforded 93% yield in dimethoxyethane,
84% in ddmethyl sulfoxide and 30-60% in tetrahydrofuran.
Pure 21-crown-7 and 24-crown-8 were prepared
4a 
from appro-
priate diols and ditosylates and then separated by TLC on
deactivated silica gel G, eluting with 12 ether/3Me0H/2NH3
(30%), in 18% and 15% yield respectively.
Recently, in 1974, J. Dale, G. Borgen,and K. Daasvatn
prepared a mixture of all the possible cyclicoligomers, in-
cluding 9-crown-3, from ehtylene oxide at room temperature
and atmospheric pressure in the presence of BF3.7 By this
method they obtained 9-crown-3 (1%), 12-crown-4 (15%),
4
15-crown-5 (5%), 18-crown- (4%), and between 1 to 3% of
higher member rings.
They also indicated that 175 and SbF5 can be used, but
other Lewis acids are either ineffective as catalysts (Aid1
FeCl3) or give waxy polymers (SnC14, SbC13).
The modified Williamson ether synthesis has been used
by Cram and Liotta 
8
in the preparation of 18-crown-6. For
3'
this purpose triethylene glycol dichloride(IV) and triethylene
glycol(V) reacted in 10% aqueous tetrahydrofuran in the






The pure 18-crown-6 has been obtained in about 40% yield
from its acetonitrile complex.
8
More recently many macrocycles have been synthesized
by means of the so-called coordination template effect.
This effect consists of a metal ion being used in a reaction
to direct the steric course of the process leading to the
synthesis of species not readily obtained in the absence of
the metal ion. Many macrocycles formed in this manner have
only been isolated in the form of their complexes with the
templating metal ion.
J. Dale and K. Daasvatn, in 1976, prepared some cyclic
polyethers by direct oligomerization of ethylene oxide,





as Lewis acid catalysts, and also reported
5
that the alkali metal salts which consist of anions like
BF , PF ' and SbF
6 must be used as counter ions so that
the products could be distilled.
A series of reactions were conducted (in dioxane) with
different salts, but they obtained only 9-crown-3, 15-crown-5
and 18-crown-6, which have been purified by fractional dis-
tillation or by fractional crystallization of the complexes
before pyrolysis. The template effect of the cation seems
to act both by promoting the appropriate folding of the grow-
ing chain before cyclization and by protecting the rings
which are formed from subsequent degradation to dioxane - the
use of the template effect in the synthesis of crown ethers
produced some interesting results and improved the method
of preparation, of these compounds.
4. Properties:
The aromatic polyethers are colorless, crystalline
compounds, which are readily soluble in chloroform or methy-
lene chloride but are insoluble in water and only sparingly
soluble in many other solvents at room temperature.
15
The
aromatic portion of these compounds can be modified by the
usual range of reactions of aromatic compounds and can often
be purified by distillation. The saturated polyethers are
liquids or low-melting solids and are appreciably soluble
in a wide range of solvents from water to petroleum ether.
15
But the most important and almost unique property of the
macrocyclio polyethers (crown ethers) is their tendency to




Complexing of sodium, potassium, and related cations by
neutral molecules is an uncommon phenomenon, which has been
observed only in the last decade.
11,12
These macrocyclic
polyethers which are able to form stable complexes, both in
solution and in the crystalline forms with salts of alkali
and other metals, are neutral compounds containing four to
twenty oxygen atoms, each separated from the next by two or
more carbon atoms. The most effective complexing agents are
found among those containing five to ten oxygen atoms, each
separated from the next by two carbon atoms. These compounds
form 1:1 salt-polyether complexes in which the cation is en-
circled by the oxygen atoms of the polyether ring being held
there by the electrostatic attraction
2
 between the negatively
charged oxygens of the C-0 dipoles and the cation. Well-
defined crystalline complexes of 2:1 and 3:2 stoichiometry
(polyether:salt) have also been prepared by simple pro-
cedures.
13
The stoichiometry and stability of each complex
is dependent upon: (1) the relative sizes of the ion and
the hole in the polyether ring, (2) the electrical charge
of the ion, (3) the tendency of the ion to associate with
the solvent, and (4) the number, coplanarity, symmetry, ba-
sicity and steric environment of the oxygen atom in the ring.
15
Thus, there exist unusual opportunities for the synthesis
of macrocyclic compounds which exhibit a high degree of
selectivity in metal binding.13 For example, certain
cyclic polyethers not only strongly bind particular alkali
and alkaline earth netal ions, but also selectively bind
one or more of these ions in preference to the others in
7
each series.9 The following cations have so far been observed
































and Ce3+. Only a few
complexes of transition metals have been reported.
Alkali metaL ions are generally regarded as poor com-
plexing cations and the cyclic polyethers appear to be the
only neutral class of compounds, except the macrocyclic
antibiotics, which complex appreciably with these metals.
9
5. Application:
Many salts or salt-like compounds of alkali and alka-
line earth metals are used in organic synthesis, frequently
under inefficient conditions, i.e. low concentrations or
two-phase operation, because of their limited solubility in
organic solvents.
2 It is evident that the crown polyethers
can help to overcome such difficulties in many cases, not
only by solubilizing the salts but also by increasing the
dissociation of ion pairs to provide highly reactive, unsol-
vated anions. A related effect is the conversion of contact
ion pair into solvent-separated ones; it has been demonstrated




Dramatic examples of this are the saponifi-
cation by KOH18 and oxidation by KMn04 in benzene.
1c,22
Pedersen showed that potassium hydroxide could be solubilized
in toluene and that the crown-complexed potassium hydroxide
was a powerful base. Pedersen also found that esters of
mesitoic acid(VT) (2,4,6-trimethylbenzoic acid) could be
8








Not only was the methyl ester hydrolyzed (no reaction was
observed in the absence of a crown ether) but the t-butyl
ester(VII) was also cleaved in high yield. (eq. 4)
CH3
--0 + KOH  COOK
Toluene
VII Eq . 14
CH3
Pedersen also reported that this reagent may be used for
anionic polymerization of anhydrous formaldehyde and the
trimerization of aromatic isocyanates.
After Pedersen's initial observations, the first major






t-butoxide in DMS0 initiated E-2 type reactions in the
presence of 18-crown-6 with great facility. Maskornick
also observed that the reaction in the presence of the
crown ether gave pseudo first order rates even in concen-
trated (-.5M) solution. In the absence of the crown ether,
the reaction showed pseudo first order kinetics only at low
(10-3M) concentration.
Solubilization of potassium permanganate with 18-crown-6
in CH2
C12 
has been observed to transform substituted catechols
to o-quinones in high yields.19
9
18-crown-6 catalyzed the air oxidation of fluorene(VIII)19
to fluorenone(IX) in the presence of solid potassium hydroxide














+ + KOH 
CH2(312
Eq. 6 X
There has been one report
23 
on the use of crown ethers to
facilitate preparation of transition metal complex anions,
M(CO)5X (m = Cr,W; X = F, OH).
The remarkable ability of the macrocyclic polyethers
to solubilize salts in nonpolar solution and their ability
as a complexing agent for alkali and alkaline earth metals
haverecently been utilized in several types of reactions.




All reactions which took place in solvent medium were
run in a shaker designed for catalytic hydrogenation (P
arr
Instrument Company, Inc.). Reactions without solvent w
ere
run in an ampule sealed with a septum and stirred magnet-
ically. Evaporation of solvents was done by rotary eva
por-
ation (aspirator pressure). The separation of products
 from
the reaction mixture was accomplished by column chroma-
tography using a silica gel (Matheson, Coleman & Bell,
60-200 mesh, grade 62) or an aluminum oxide (Brockmann
Activity Grade 1) column, with 35-40 cm packing length and
about 3 cm - width.
Infrared spectra were recorded on a Perkin-Elmer Yodel
710 Infrared spectrophotometer. NMR spectra were recorded
on a Varian A-60A Analytical NMR spectrometer. Gas chroma
-
tography analysis was performed at a constant temperature
and flow rate (225°C, 30 cm/sec) using 10% Carbovaks Co
lumn,
on a Varian Aerograph, Series 1700. For liquid chroma-
tography analysis, Corasil II, C18/corasil and p-proasil
columns were tried. Chloroform was used as the solvent 
and
the experiment was done on a Water Association Liquid Chro
mato-
graph. Thin layer chromatography was done by using "Ba
ker-
Flex" silica gel and diethyl ether as solvent. All solvents
10
11
were dried over lithium aluminum hydride, and water of




WC16 + KC1 + C2H40 
THF
polymerized products
(A) Ethylene oxide (10 ml) in the presence of 1 g KC1
(=.01 mole) as template and .5 g (=.001 mole) WC16 as cata-
lyst in 50 ml of THF were shaken for 10 hr, then the T1-
and the unreacted ethylene oxide were removed. Salt-free
products were liberated by adsorbing the crude products on





ether % methanol weight (g) yield 
34.7%1 100 -- 3.02
2 80 20 .3 3.4%
3 60 40 <.2 <2%
4 40 60 .23 2.6%
5 -- 100 <.2 <2%
In this reaction .,77% ethylene oxide was reacted.
(B) Analysis of the Products:
(1) First fraction: NMR (CC14) 3.14-3.9 (m,large
peak, CH2), 1.61 (s, shorter than m, CH3), 4.24 (s, small
peak, H20); IR (film) 3400, 2950, 2875, 1440, 1345, 780 cm-1.
12
13
(2) Second, third, fourth and fifth fractions:
These fractions did not contain much material as shown in
Table 1. An infrared spectrum of these samples basically









(A) Ethylene oxide (10 ml) in the presence of .5
(.001 mole) WC16 as catalyst in 50 ml tetrahydrofuran were
shaken. The THF and the unreacted ethylene oxide were
removed after a total of 10 hr. About 73% of ethylene
oxide was reacted. Salt-free product (2.79 g, 32%) was
liberated by adsorbing the crude products on a silica gel
column and eluted with ether-methanol (1:1). No product
was recovered from elution by ethyl ether.
(B) Analysis of the Products:
NMR 3.1-3.9 (m,large peak, CH2), 1.3-2 (m,shorter
than first one, CH
3
): IR (film) 3500, 3000, 2925, 1460,
1370, 1130, 890 cm-2.
Reaction III






(A) Ethylene oxide (10 ml) in the presence of 1 g.
KC1 (.01 mole), as template, and 1.2 g. (.0046 mole) SnC14,
as catalyst, in 50 ml. tetrahydrofuran were shaken. After
a total of 8 hr, the THF and the unreacted ethylene oxide
were removed. In this reaction 2 g. of ethylene oxide was
reacted (23%) but about 26 g. of highly viscous material
14
was obtained. This was determined to be a polymer of tetra-
hydrofuran.
Salt-free products were liberated by adsorbing the
crude products on a silica gel column and eluting with ethyl
ether (22.25 g.) and methanol (4.01) respectively:
(B) Analysis of the Products:
(1) First fraction: NMR (CC14) 3.20-3.84 (m,large
peak, CH2', 1.4-1.9 (m,smaller than first one CH3): IR




(2) Second fraction: NMR (CC14) 3.20-3.84 (m,
large peak, CH2), 1.4-1.9 (m,smaller than first one, CH3):
IR (film) 3500, 2975, 2900, 1450, 1350, 1295, 1240, 1200,





Cu(NO3)2 + C2H4 solvent 
,0 polyethers
(A) Ethylene oxide (6 ml.) in the presence of 2.4 R.
(.012 mole) anhydrous cupric nitrate (as catalyst), was
stirred for 20 hr. After evaporation of the unreacted
material, salt-free products were liberated by adsorbing
the crude products on a silica gel column and eluting with
ether (1.76 g, 33.7%) and methanol (.6 g, 11.5%). In this
reaction 2.95 g (56%) of ethylene oxide was reacted.
(B) Analysis of t}-1, Products:
(1) First fraction: NMR 3.74 (s, very sharp,
CH2), 3.84-4.13 (m, small), 4.414 (s,small, H20), 4.57-4.92
(m, small): IF (film), 1450, 1430, 1370, 1280, 1100, 1020,
870, 740, and 700 cm-1.
15
(2) Second fraction: NMR 3.62 (s, sharp clean
peak, CH2
): IR (film) 3450, 2900, 1620, 1450, 1340, 1290,
-1
1100, 940, 900, 840, and 740 cm .
Benzene dissolved in this fraction and potassium per-
manganate did dissolve in the mixture (one of the important




+ r H4 solvent 
0 polymerized products
(A) Ethylene oxide (10 ml) in the presence of about
1 g. (.002 mole) WC16 was stirred and after a total of 24 hr,
the unreacted materials were removed. Salt-free products
were liberated by adsorbing the crude products on a silica
gel column and eluting with ether (.5 g product, 6% yield),
CHC1
3 
(trace) and methanol (1.29 g. product, 14% yield).
(B) Analysis of the Products:
(1) First fraction: NMR 4.24 (s, medium, H80),c
3.53-3.9 (d, large peak, CH2): IR (film) 3450, 2900, 1640,
1450, 1430, 1350, 1300, 1240, 1200, 1100, 870 and 730 cm-1.
(2) Second fraction: As represented above, this
fraction didn't contain much material. An infrared spectrum
of this sample basically showed the same absorptions as the
first fraction.
(3) Third fraction: NMR, 3.98 (s, small peak),
3.85 (s, very sharp, CH2): IR (film) 3500, 2900, 1660,




C2H40 + CO(C10h)4-2 solvent 
Unknown product(s)
(A) Ethylene oxide (5 ml) and 1.37 g. cobalt perchlor-
ate were stirred for 24 hr. After evaporation of the In-
reacted ethylene oxide, salt-free products were obtained by
column chromatography, eluting with ether (.4 g. product,
9% yield), ether-methanol, 1:1. (.4 g. product, 9% yield)
and methanol (1.9 g. product, 43.6% yield).
(B) Analysis of the Products:
(1) Methanol fraction: NMR 4.63 (s, relatively
small, H20), 3.37-3.83 (m, largest peak), 3.23 (s, moderate):
IR (film) 3500, 2950, 1660, 1470, 1360, 1300, 1260, 1210,
1100, 940, 890 and 890 cm-1.
(2) Other fractions: These two fractions did not
contain much material. An impaired spectrum of these samples
basically showed the same absorption pattern as the first
fraction.
Reaction VII




(A) Ethylene oxide (6 ml) and .2 g. palladium nitrate
were stirred for 24 hr. After removing all the unreacted
ethylene oxide, salt-free products were obtained by column
chromatography, eluting with ether (no product), methanol
(.52 g. product, 10% yield) and CHC13 (trace).
(B) Analysis of the Products:
(1) Methanol fraction: NMI'? 4.2 (s, small peak,
H20)
, 3.53 (s, very sharp, CH2): IR (film) 3450, 2900,
17
1730, 1620, 1450, 1340, 1270, 1230, 1100, 900 and 840 cm-1.
Since the chloroform fraction contained only traces of







(A) Ethylene oxide (5 ml) and 1.26 g. cupric bromide
were stirred for 20 hr. After removing all the unreacted
ethylene oxide, salt-free products were obtained by using
column chromatography, eluting with ether (.11 g. product,
C•)/o
Car yield) and methanol (.65 g. product, 15% yield).
(B) Analysis of the Products:
Methanol fraction: NMR 3.78 (s, one sharp peak,
CH2)
: IR (film) 3500, 2950, 1660, 1480, 1465, 1375, 1130
940, 900, 860, 840 cm—l.
Reaction IX
no 
CuSO4 + C2H40 solvent 
Unknown product(s)
(A) Ethylene oxide (5 ml) and 1 g. CuSO4 were stirred
for 24 hr. The unreacted material was removed and salt-
free product was obtained by column chromatography, using
methanol as the elutant: (.36 g. product, 9% yield).
Since this product didn't consist of much material, it
was not characterized. The light green product was not
homogeneous.
Reaction X





(A) Ethylene oxide (5 ml) and 1 g. cupric acetate were
stirred for 24 hr. The unreacted material was removed and
the products were separated by column chromatography, elut-
ing with ether (no product) and methanol (.13 g. product,








(A) Ethylene oxide (20 ml) and 5.5 g. CuC12 (a
s the
catalyst), were shaken in THF for about 20 hr. 4 g. of
impure products were left after evaporation of the solvent
and the unreacted ethylene oxide. Several different frac-






hexane % weight g. yield
1 10 90 .15 1%
2 20 80 .5 3.9%
3 35 65 .5 3.9%
4 50 50 trace --
5 100 0 trace --
6 Me0H -- 1 7.8%
All the fractions dissolved in benzene, but potassium
permanganate dissolved only in the mixture which contains
fraction six.
(B) Catalytic Amount:
Without solvent: Ethylene oxide (5 ml) In presence
of .63 g. CuCl2 
was stirred for about 20 hr. After evapo-
19
ration of unreacted ethylene oxide, two fractions were
obtained upon adsorbing the crude product on silica gel
column and eluting with ether (.5 g. product, yield 11.3%)
and methanol (.34 g. product, yield 77%).
(C) Analysis of the -'roducts:
(1) Methanol fraction: NMR (CHC13
) 3.75 (s, large
peak, CH2). This single peak split into two peaks centered
at 3.69 and 3.56 ppm, upon adding NMR shift reagent.
(2) Ether fraction: NMR 3.95-3.50 ppm (m, large
peak). No IR was taken.
With solvent: The reaction was repeated except
that 25 ml dioxane was added. To obtain salt-free products,
an alumina column was employed, eluting with a mixture of
20% CHC1
3 
and 80% benzene. Two different fractions were
recovered. Both fractions dissolved in benzene but potassium
permanganate didn't dissolve in either mixture.
2. Chromatography Results
To purify and identify the products which were obtained
from the reactions described, several different chroma-
tography techniques were tried: gas chromatography (GC),
high pressure liquid chromatography (HPLC), thin layer and
column chromatography.
A. GC Results:
For GC analysis, 15-crown-5 and 18-crown-6 were
used as standards and it was found that the 10% Carbovaks
column at 225°C with a constant flow rate of 30 cm/sec gave
the best separation. The retention times for 15-crown-5 and
20
18-crown-6 which dissolved in acetone were 8.8 min. and
24.3 min. respectively.
Under these conditions, ten samples from the cycli-
zation reactions were injected, but no peaks were seen. It
has been reported that if the products are not highly salt-
free, GC or distillation processes cannot be used for sep-
aration simply because at high temperature the anion of
the salts will be a very strong nucleophiles and cause
decomposition of the products.
10
In one experiment, a trace
of cupric nitrate was added to a mixture of 15-crown-5 and
18-crown-6. The presence of salt greatly decreased the
peak heights of the crown ethers until at high concentration
the peaks disappear entirely.
B. High Pressure Liquid Chromatography Results:
Since gas chromatography results were inconclusive,
high pressure liquid chromatography was tried. Standard
conditions for HPLC were: solvent, chloroform; flow rate,
.2 ml/min.
For this purpose a mixture of 15-crown-5 and 18-
crown-6 was injected and four peaks were seen. Two of them
were thought to be impurities and the other two were assigned
to be 15-crown-5 and 18-crown-6. At these conditions, one
sample (obtained with cupric nitrate) was diluted (.2 g.
sample in 20 ml acetone) and injected, but one very large
peak was seen. Due to the improbability of such results
from a dilute solution, the HPLC studies were considered
inconclusive.
21
C. Thin Layer Chromatography Observations:
All attempts to separate the products by TLC were
not very successful. It was found that TLC could not
separate a mixture of 15-crown-5 and 18-crown-6, when di-
ethyl ether was used as eluent. The Rf
*values were about
.65 and .47 for 15-crown-5 and 18-crown-6 respectfvely.
Separations were attempted by TLC for the reactions
with Pd(NO3)2 and with Cu
C1
2
(ether fraction). The first
sample showed essentially a continuum of products from the
original spot to the solvent front. The second sample
didn't move (Rf=0).
Since none of the preceding techniques was successful,
it was thought that replacement of anion or cation of the
salt, through simple chemical reactions, might produce a
product that could be identified.
For this purpose, a few drops of AgBFL/ were added to
the products obtained by reaction XI, B. A black precipi-
tate was formed immediately which was filtered. This sample
still didn't show any signal when injected on GC. In another
attempt, ammonium hydroxide was tried on the same product,
but this approach was not successful either.
PART OUR
RESULTS AND DISCUSSION
Because of the unique properties of crown ethers, their
application to many kinds of chemical processes has grown
rapidly during ',he last decade. Most efforts have been
directed toward investigation of the properties of cyclic
polyethers and less work has been done to synthesize them.
So, it was the objective of this project to obtain a
simple and economical pathway to the cyclic polyethers.
There is no question that, to date, Johannes Dale has found
the simplest and, probably, the best way to synthesize
these compounds. But the products from his method are very
expensive, simply because he used an expensive catalyst
(AgBF4). In this synthetic method the distribution of
products depends on the radius of the metal ions and their
coordination ability. Also, the anion of the salts deter-
mines whether or not the products could be purified, so
these factors place limitations on the choice of potential
catalysts. This project focused mainly on the transition
metal salts for the following reasons:
1. Transition metals mostly have high coordination
ability and this property increases the likelihood of for-
mation of cyclic polyethers rather than linear ethers.
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2. Ethylene oxide and some transition metal salts are
not expensive and even with a low yield the reactions could
be useful.
In some of these reactions, the following facts indicate
that at least some crown ether or crown ether-like compounds
were formed; however, the positive identification of these
has not been established:
1. The UMR spectra of the products formed in reactions
IV, V(3), VII and XI(5, 1) gave only one large peak (singlet)
at 3.74-3.62, 3.85, 3.53 and 3.75 ppm respectively, and this
is the range observed for crown ethers (15-crown-5 at 3.65
ppm and 18-crown-6 at 3.56 ppm). This fact actually is
consistent with the presence of an "unique unit," which
could be -CH2' 
in these products.
2. The products which show one singlet in the NMR
spectra were also able to dissolve potassium permanganate
in benzene. So, it seems logical to say that these products
are able to coordinate with alkali metals and formation of
cyclic polyether is suggested. But the other observations
made the final results inconclusive: Dale and Kristiansen
indicated that the column chromatography should be eluted
with a benzene-chloroform mixture (2:1) and that in going
toward more polar solvents the complex will be eluted un-
changed. But little product would elute with this solvent
combination and more polar solvents were necessary. The
bulk of the material was obtained by elution with methanol
or ethr.nol. This suggests that the complex between poly-
ether and transition metal (Cu) is so strong that column
24
chromatography (alumina column) can't adsorb the metal and
liberate free ethers. When treated with Na2S, KCN and NH
3'
several samples showed no apparent change. This suggests
that either (1) metals were not present or, (2) if present,
they could not be freed from the ethers. Both GC and TLC
observations were consistent with the above conclusion.
Since all kinds of chromatography techniques were unsuccess-
ful, at this point the purification of the products remains
unsolved.
Figure 1: NMR spectrum of product which is obtained by:
[C2H40 + Cu(NO3)2], "fraction with methanol."
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Figure 2: NMR spectrum of product which is obtained by:
[C2H40 + Pd(NO3)2], "fraction with methanol."
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Figure 3: NMR spectrum of product which is obtained by:
EC2H40 + CuC121, "fraction with methanol."
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Figure 4: NMR spectrum of product which of obtained by:
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In solvents like 1,2 dimethoxyethane (DME) or tetra-
hydrofuran (THF), naphthalene is reduced by alkali metals






Several different kinds of products arise in reactions of
alkyl halide with naphthalene radical anion. Alkylation







H -11 or 1,2 isomer
Eq. 2
ro.)
R or 1,2 isomer
Eq. 3
+X
Even though the mechanism is now well established, no work





tried to elucidate the stereochemistry of
1-tertiarybuty1-1,4-dihydronaphthalene, but purification of
the compound proved to be very difficult and all attempts
were unsuccessful. It was the objective of our research to
purify key products and elucidate their structures. On one
attempt to obtain pure 1-tertiarybuty1-1,4-dihydronaphthalene,
a 20' alumina column was eluted with petroleum ether (60°-
900), but even this did not give a pure compound. Seeking a
simpler system to analyze, attention was directed to under-
standing the geometry of 1,4-ditertiarybuty1-1,4-dihydro-
naphthalene.
To approach the stereochemical analysis of the problem,
previously determined structures of model compounds were
considered. These compounds include other naphthalene and
anthracene compounds which are more easily analyzed. The
conformation of 1,4-dihydro-1-naphthoic acid (1 and 2) has
been analyzed, using 
13








Following is a table of data from the H-NMR spectrum.
Table I
NR Parameters for 1,4-Dihydro-l-Naphthoic Acid(a)
proton chemical shifts, JAB(5
1 4.55 A B Hz
2 6.07 1 2 4.59
3 6.25 1 3 —1.22
14 3.47 1 4 3.84








These final values were obtained by using the iterative
subroutine of the LAOCOON III NMR computer program' to obtain
the best fit of the data. The rms error was 0.07 Hz.
Observation that J34 
> J34, suggests that the dihedral
angle involving H3 and H4, is more nearly 90° than that
Involving H3 and H4. It is well known that the vicinal
coupling constant will decrease as the dihedral angle
approaches 90°. Given this observation, it may be concluded
that H4' is pseudoaxial and H4 
pseudoequatorial. J34 has
almost the same value as j12' 
which suggests H1 is pseudo-
equatorial; therefore the carboxylate group is pseudoaxial.
If the carboxylate group is pseudoaxial, it is expected
that J4 ̀  J146
the observed parameters are consistent with
1 
this stereochemistry.9 The similarity in the values of J14amd
38
J14" 
strongly suggests that the dihydro ring is nearly
planar. If the dihydro ring of 1 were a true boat, the di-
hedral angle involving H3 and H4, would be near 900 and J34'
should be much less than the observed value of 2.4411Hz.
The observed value of J44' is -21.92 which is very large for
a highly puckered system,
14 
and is much more consistent with
a nearly planar ring. Thus, it appears that the conformation
of 1 is a "flattened boat" in which the dihydro ring is only
slightly puckered and carboxylate group is pseudoaxial.
Apparently the group prefers this position because of inter-
actions with the aromatic ortho-proton when in the pseudo-
equatorial position.
Marshall's data for (1) are used to reflect the highly
planar conformation for 1,4-ditertiarybuty1-1,4-dihydro-
naphthalene.
Another system which is closely related to the dihydro-
naphthalene system, studied by Harvey and his coworkers, is
14159-alkyl-9,10-dihydroanthracene. 
, 
By using Nuclear Over-
hauser enhancements and long-range coupling constants, they
provided conclusive evidence that the alkyl groups in 9-ethyl
and 9-tertiarybutyl 9,10-dihydroanthracene preferentially
exist in the pseudoaxial orientation. The same situation
exists for the 9-isopropyl derivative while the 9-methyl and
9-phenyl substituted systems appear to be an equilibrium
mixture of two conformers. Presumably the barrier to con-
formational interconversion is smaller for 9-methyl (R is a
small group) and 9-phenyl derivatives relative to those of
39
ethyl or larger groups. In the latter case the phenyl group
can be oriented perpendicular to the C-1,8 axis as the system
passes through the transition state, thereby reducing the
steno interactions with the pen i protons. But in spite of
this equilibrium, the predominate conformation places the





,) is less than observed for naphthalene, indi-
cating that the ring is more puckered.
It should be mentioned that all non-geminal coupling
constants are smaller in the anthracenes than naphthalenes
because an aromatic ring does not transmit long-range
coupling as well as a double bond. There is no satisfactory





Following is a table (II) of chemical shifts and coupling















































































































































































































































































































































































































The third model is the only one presenting a pseudo-
equatorial group which was analyzed by Martin C. Grossel






















observed in (4) must reflect a diaxial inter-
action across the dihydronaphthalene ring. Since 2a-H is
of necessity pseudoaxial, and pseudoaxial-pseudoequatorial
couplings would not be expected to be of this size even in
a planar dihydronaphthalene ring, a geometry in which the
trans coupling should reach a maximum.
Further evidence for the highly puckered nature of the
dihydronaphthalene ring in (4) is obtained from the vicinal
and allylic couplings. As mentioned before, Marshall and
his co-workers have reported vicinal couplings of 2.44 and
4.60 Hz respectively for the pseudoaxial and pseudoequatorial
protons on C-4 in 1,4-dihydronaphthoic acid. Since J14
for (4) is even less than 2 Hz, it is consistent with a large
dihedral angle between the interacting protons and hence
indicative of a high degree of puckering in the dihydro-
benzene ring. The parameters which are reported for (4) were
42
applied to represent a highly puckered conformation for
1,4-ditertiarybuty1,1,4-dihydronaphthalene with both
tertiarybutyl groups being pseudoequatorial.
Finally, compound 5 represents the first example of a
highly puckered monosubstituted 1,4-dihydronaphthalene, which
was analyzed by P.W. Rabideau,
21 





The use of a large substituent provides substantially differ-
ent results. In this molecule, the cis homoallylic coupling
constant (J1,4) has dropped to 1.8 Hz and suggests that H1
and H4 adopt 
a pseudoequatorial/pseudoequatorial relation-
ship which minimizes the coupling constant. Therefore, the
substituent beco:nes pseudoaxial. Apparently the isopropyl
alcohol group prefers this orientation due to increased
steric interactions with the aromatic ring and H8, an effect
which has been shown to be quite important in 9-substituent
9,10-dihydroanthracenes.
14



































1. Preparation of Sample
1,4-ditertiarybuty1-1,4-dihydronaphthalene is obtained
in 10% yield upon treating naphthalene radical anion with
tertiarybutyl chloride In THF. The product was isolated
and purified by vacuum distillation at 160-165°C and lmm
pressure. Both IH and
fairly pure.
13
C NMR indicate that this sample is
The IH NMR pattern was symmetric and suggests
the presence of a plane of symmetry in this molecule.
Table IV represents assigned 130 chemical shifts for 1,4-
ditertiarybuty1-1,4-dihydronaphthalene (7) and also compares




































The starred values indicate a preliminary assignment because
of uncertainty in the degree of compression between the pen -
hydrogens and the tertiarybutyl groups.
2. Determination of the Parameters
The LAOCOON III computer program was used to determine
the parameters for this molecule. The chemical shifts and
coupling constants were applied for input data. As men-
tioned previously, this molecule has a plane of symmetry.
Therefore, the parameters were reduced to only six (two
chemical shifts and four coupling constants). The chemical
shifts were obtained directly from the 
1
H NMR spectrum. In
some cases the coupling constants of the other closely
related model(s) were used as a starting point. Others were
chosen on the basis of the qualitatively known relationships
between puckering and coupling constants.
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For instance, the vicinal coupling is maximum whenever
the dihedral angle involving two coupling protons is 00 or
1800 and it is minimum when the dihedral angle is 90°. For
allylic coupling, larger values are observed when the saturated
C-H bond is parallel to n orbital(s). Due to the 0-7 over-
lap, the coupling is tranEmitted more effectively. When the
C-H bond is orthogonal to the n orbitals, there is no 0-7
contribution and couplings are typically rather small.
18
The homoallylic coupling depends on the orientation of two
C-H bonds with the it framework. When both coupling protons
are properly aligned, homoallylic coupling can be quite
large, otherwise, it will be small. Therefore, it is possi-
ble to estimate the coupling constants with enough accuracy
for each individual case.
There are not any naphthalene models in the literature
to be used for a highly puckered-pseudoaxial arrangement and
the data for this case (III) had to be estimated.
In the highly puckered pseudoequatorial model (case 1),
vicinal coupling A(1,2) and A(3,4),is minimal (1.70 Hz),
while both allylic and homoallylic are maximal (-3.40 and
9.50 Hz). In the planar conformation (case II), the vicinal
coupling, A(1,2) and A(3,4), will increase (4.60 Hz), but
both allylic and homoallylic constants decrease (-1.22 and
3.8 Hz). For highly puckered pseudoaxial orientation,
vicinal coupling, A(1,2) and 1=i(3,4), would be maximized and
allylic and homoallylic would be small (as compared with
case I). The values selected for these couplings were
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5.0(J1,2), -1.0(J1,3) and 3.4 Hz(J1,4).
The coupling between H2 
and H
3 
has little angular de-
pendency. Using the approach of varying coupling constants
with stereochemistry, the data for other conformations were
selected.
Since it was impractical to obtain computer spectra for
all possible cases, we tried to eliminate several possible
geometries. For this purpo:-i, some arbitrary geometries
which were quite different from each other, were assumed.
The parameters for each case were estimated (or obtained
from other model(s), then the computer spectra were compared
with the actual NMR spectrum. By this method, the range of
possibilities was limited (vide infra). In 1,4-ditertiary-
buty1-1,4-dihydronaphthalene, two possible geometries (8 and
10) involved a highly puckered ring in which the tertiarybutyl
groups were either pseudoequatorial or pseudoaxial.
(8) (9) (10)
The intermediate conformation is (9), in which the dihydro-
benzene ring is completely planar. Of course there are
several different conformations between each of these two
cases.
Molecules 1, reported by Marshall,
9 and 4, reported by
Grossel,
16 
were used as model systems for (9) and (8),
respectively. The data for (10) were estimated as described
before.
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The computer out-put spectra for (8) and (9) were
relatively closer to the observed spectrum than (10). This
suggests that the actual geometry is some place between (8)
and (9), so all positions between (9) and (10) could be
eliminated. In the same fashion, some other geometries be-
tween (8) and (9) were tried, until more precise values were
obtained. Figure 1 schematically shows this process:
Figure 1














Probably none of these data reflected the exact degree or
percentage of planarity or puckering, but these labels identify
the relative degree of puckering.
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3. Abbreviations
a. W(1), W(2), W(3) and W(4) are chemical shifts, Hz;
A(1,2), A(1,3), A(1,4), A(2,3) and A(3,4) are coupling con-
stants for:







Computer matching of the observed spectrum was thought
to be the best way to determine the stereochemistry of 1,4-
ditertiarybuty1-1,4-dihydronaphthalene, since the spectrum
is non-first order.
As explained in the experimental part, both IH and 
13
C
11.MR indicated that the sample was pure, therefore, the next
stage in solving the problem was to determine the general
shape of the molecule by varying several parameters from
one computer run to another. In cases I, II, and III, data
reflect highly puckered pseudoequatorial,
7 
highly planar (9)
and highly puckered pseudoaxial (10) stereochemistries.
The observed spectrum was closer to the computer-pro-
duced pattern for case I and II than case III. This suggests
that the steric interaction between tertiarybutyl groups in
the pseudoaxial orientation is greater than repulsion
between the tertiarybutyl groups and the peri-hydrogens. In
cases IV, V, and VI, "50%", "78%" and "25%" puckered con-
figurations were considered. Again, the data for each case
were estimated as explained in the experimental part. In
cases VII to IX, different degrees of puckering, from
"highly puckered" to about "89%", were considered, but none
50
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of the output spectra matched the observed spectrum. These
facts suggest that again half of the possibilities (from
"100%" puckered to "50%") could be eliminated. In the same
fashion, "66%" and 87%" iiIanar arrangements were considered.
Finally, the output spectrif, related to case XII ("70%"
planar conformation) best matched the observed spectrum.
Therefore, it was thought that these parameters fit well
with the geometry of 1,4-ditertiarybuty1-1,4-dihydronaph-
thalene. These data suggest that the 1,4-dihydrobenzene
ring exists as slightly puckered or mostly planar with both
tertiarybutyl groups pseudoequatorial. In this arrangement,
there is not the steric interaction which would exist in
diaxial orientation, and the interaction between pen -protons
and tertiarybutyl groups is not a maximum. Also, this is
the unexpected conformation, because there is only one di-
hydronaphthalene system (4) reported to have equatorial
groups, and that is because the five-membered ring constrains
the substituent to that arrangement.
It should be pointed out that a "chair" conformation is
not observed in all arylcyclo-1,4-hexadiene systems because
of the strain which such a conformation would place on the
aromatic ring(s). Observed conformations are either flat,
as for 1,4-cyclohexadiene, or boat, and the points of interest
are in the degree of puckering and the orientation of sub-
stituents. Trans orientation of tertiarybutyl groups (11 and
1
12) is also unlikely, because of the simplicity of the H
NMR and 
13
C NMR patterns. The only trans possibility is a
rapid equilibrium between (11) and (12):
(12)
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But Marshall has not seen any change on 
1
H NMR from room
temperature to 1500, an observation contrary to an equilibrium.









Case I: highly puckered,
pseudoequatorial
Case II: highly planar
A(1,2) = 1.700 A(1,2) = 4.600
A(1,3) = -3,400 A(1,3) = -1.220
A(1,4) = 9.500 A(1,4) = 3.800
A(2,3) = 10.300 A(2,3) = 9.600
A(2,4) = -3,400 A(2,4) = -1.220
A(3,4) = 1.700 A(3,4) = 4.600
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Width .100
Case III: highly puckered,
pseudoaxial
Case IV: 50% puckered
A(1,2) = 5.00 A(1,2) = 3.100
A(1,3) = -1.00 A(1,3) = -2.200
A(1,4) = 3.40 A(1,4) = 6.00
A(2,3) = 9.50 A(2,3) = 9.90
A(2,4) = -1.00 A(2,4) = -2.20
A(3,4) = 5.00 A(3,4) = 3.100
Case v: 78% puckered Case VI: 75% planar
A(1,2) = 2.50 A(1,2) = 3.800
A(1,3) = -2.80 A(1,3) = -1.700
A(1,4) = 7.50 A(1,4) = 4.90
A(2,3) = 10.10 A(2,3) = 9.70
A(2,4) = -2.80 A(2,4) = -1.70
A(3,4) = 2.50 A(3,4) = 3.80
Case VII: highly puckered Case VIII: puckered (less
(less than case I) than case VII)
A(1,2) = 1.80 A(1,2) = 1.90
A(1,3) = -3.30 A(1,3) = -3.20
A(1,4) = 9.0 A(1,4) = 8.50
A(2,3) = 10.20 A(2,3) = 10.20
A(2,4) = -3.30 A(2,4) = -3.20
A(3,4) = 1.80 A(3,4) = 1.90
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Case IX: 89% puckered Case X: 87% planar
A(1,2) = 2.20 A(1,2) = 4.20
A(1,3) = -3.00 A(1,3) = -1.50
A(1,4) = 7.00 A(1,4) = 4.40
A(2,3) = 10.10 A(2,3) = 9.70
A(2,4) = -3.00 A(2,4) = -1.50
A(3,4) = 2.20 A(3,4) = 4.20
NN = 4 Frequency range 180.000 195.000
Minimum intensity 0.0
Width .200 Width .100
Case XI: "66% planar" Case XII: 70% planar
A(1,2) = 3.50 A(1,2) = 3.70
A(1,3) = -2.00 A(1,3) = -1.80
A(1,4) = 5.40 A(1,4) = 5.10
A(2,3) = 9.80 A(2,3) = 9.70
A(2,4) = -2.0 A(2,4) = -1.80
A(3,4) = 3.50 A(3,4) = 3.70






A(1,2) = 4.40 A(1,2) = 4.60
A(1,3) = -1.40 A(1,3) = -1.20
A(1,4) = 3.70 A(1,4) = 7.00
A(2,3) = 9.70 A(2,3) = 9.62
A(2,4) = -1.40 A(2,4) = -1.20
A(3,4) = 4.40 A(3,4) = 4.60
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Figure 3: Allylic Pattern for 1,4-ditertiarybuty1-1,4-di-
hydronaphthalene.

Computer spectrum related to vinylic pattern which
is obtained with Case XII data, as input
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189.20 188.90 188.40 187.5 187 186.6
*
The lines are reduced to one-half.
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